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Abstract 



The interactions inside the (bisemi) particles and between them are of bilinear type 
and are envisaged from two points of view: 

The first approach, based on the reducible representations of algebraic bilinear 
semigroups, allows to describe explicitly the interactions between (bisemi) particles 
by means of gravito-electro-magnetic fields of interaction while the second approach, 
based on the consideration of (bi) connections, leads to Maxwell extended equations 
involving the gravitational field. 
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1 Introduction 

As the elementary particles are considered in the algebraic quantum theory (AQT) 
[Pie2], [Pie4] as being elementary bisemiparticles: 

• having a twofold nature based on the product of a left semiparticle localized in 
the upper half space by its symmetric right equivalent localized in the lower half 
space 

and 

• characterized by a three level embedded internal space-time structure. 

it is natural to envisage that the interactions inside the elementary (bisemi)particles and 
between them are of bilinear type. 

This contrasts obviously with the linear treatment of the interactions between 
elementary particles considered in quantum field theories and, especially, in gauge 
theories, which is at the origin of the divergences encountered in these theories as 
developed in this paper. 

Einstein [Ein3] pointed out previously that "linear laws have solutions which satisfy 
the superposition principle but they do not describe the interactions between elementary 
particles" . 

It will be shown that the bilinear interactions between left and right internal structures 
of J elementary bisemiparticles can be judiciously described in the bilinear frame of the 
global program of Langlands by the reducible representation of the algebraic general bi- 
linear semigroup GL 2 j(L 1J x L v ) of order 2 J which provides the structure of the searched 
interaction field. 

At this stage, it is important to notice: 

• that the interactions in QFT are handled linearly by means of gauge the- 
ories (dealing with the groups of transformations on the fields leaving invariant the 
Lagrangian density) in the mathematical frame of the Erlanger program of 

which studies have concerned the actions of the symmetry groups in geometry 

• while the interactions in AQT are envisaged bilinearly throughout the func- 
tional representations of the algebraic bilinear semigroups in the frame- 
work of the Langlands global program [Pie-3]. 
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In this context, the internal structure of elementary bisemiparticles is recalled in chap- 
ter 2 and it is proved that the interactions inside these are generated by (gravito)-electro- 
magnetic fields. 

First of all, the most internal space-time structure of the vacuum of an el- 
ementary (bisemi)fermion e~, u + and d~ of the first family is developed: it is an 
oper 

into: 



-rp C> rp g 

operator valued string field (M S ^ R p (g) M S ^ L p ) at this "ST" level decomposing 



(M^ p Tr Sp ® W s ^) 

= [(Mst r ®d M% l ) © {M% r © D M% l )\ © {M% r © m M% l ) © (M&t Sp ^ Wt^") 
where: 

• {Mf TR (g) D Mf Ti ) is the "time" string field 

- composed of bistrings (i.e. (diagonal) products of right strings by their left 
correspondents) characterized by increasing ranks, 

and - being given by a (bisemi) sheaf of differentiable bifunctions over the representa- 
tion space of the bilinear algebraic semigroup GL 2 (L^x L v ) t (we refer to chapter 
2 for the precise mathematical terminology); 

• ( m st r ®d M° s p Tl ) is the ' 'space" string field of the "ST" level localized in a space 
orthogonal to the "time" string field; 

' — "S ' — "S 

• (M S ^ R © m M S t l ) is the magnetic string field responsible for the magnetic 

moment of the bisemifermion at this "ST" level and generated by the exchange of 

' — s ' — s 

magnetic biquanta between the right and left semifields M S j, and M S ^ L ; 

• {Mf p) ~ Sp © e Mf p) ~ Tp ) is the electric string field at this "ST" level responsible 
for the electric charge a this level and generated by the exchange of electric 
biquanta. 



Afterwards, the (operator) valued string field at the "ST" level, submitted to strong 
fluctuations, generates the two enveloping middle ground (MG) and mass (M) 
string fields (M^~ r p © M^ p ) and (M^~ Sp © M^~ Sp ) in such a way that the inter- 
actions inside an elementary bisemifermion are crudely given by: 

a) the magnetic string fields at the "ST", "MG" and "ilf" levels responsible 
for the corresponding magnetic moments; 
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b) the electric string fields at these levels "ST", "AfG" and "Af" responsible 
for the electric charges on these shells. 

Remark that the value of the electric charge at the "ST" , "MG" or "M" level is the 
sum, over all sets of exchanged electric biquanta, of the pseudo-norms of the generators of 
the corresponding Lie algebras. 

It is also recalled that the interactions inside a (bisemi) photon at 7 biquanta 
are provided by the exchanges of magnetic biquanta generating magnetic subfields 
at the "ST" , "MG" and "M" levels. 

Finally, the internal structure of bisemibaryons is reviewed: it is characterized 
by the existence of a left and right "core" time semifield (at the "ST" , 11 MG" and 
"M" levels) from which the "time" string semifields of the three left and right 
semiquarks are generated in such a way that a left and a right semibaryon of a 
given bisemibaryon interact at the "ST" , 11 MG" and "M" levels by means of : 

1) the electric charges and the magnetic moments of the three bisemiquarks; 

2) a gravito-electro-magnetic field resulting from the bilinear interactions 
between the left and right semiquarks of different bisemiquarks; 

3) a strong gravitational and electric field resulting from the bilinear interac- 
tions between the central core structures of the left and right semibaryons 
and, respectively, the right and left semiquarks. 

Chapter 3 is devoted to the study of the bilinear interactions between bisemiparticles 
according to two points of view. The first approach, based on the reducible representa- 
tion of the algebraic bilinear semigroup GL 2 j(L 1J x L v ), allows to describe explicitly the 
interactions between "J" bisemiparticles by means of gravito-electro-magnetic fields of in- 
teraction while the second approach, based on the consideration of (bi) connections, leads 
to Maxwell extended equations in a bilinear mathematical frame. 

More precisely, the (operator valued) string fields at the "ST" , U MG" or "M" level, 
of a set of J interacting bisemiparticles are given in the first approach by: 

{M^- S *{J)®M?- S \J))= ®(Mj^«®Mj^(z)) © (mJ^(z)®mI p "^(j)) 

i=i i+i=i 

J rp Qi rp g 

where the mixed direct sum © (M' R P ° p {i) © Ml v ° p (j)) refers to the bilinear 

interaction fields between the right and left semiparticles belonging to different bisemi- 
particles. 
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These interaction fields are: 

a) in the case of (bisemi)leptons: of gravitational, electric and magnetic nature (section 
3.4), 

b) in the case of (bisemi)photons: of gravitational and magnetic nature (section 3.5), 

c) in the case of (bisemi)baryons: of 

1) strong gravitational nature between right and left different central cores, 

2) gravitational, electric and magnetic nature between right and left different semi- 
quarks, 

3) strong gravitational and electric nature between right (resp. left) core time 
structures and left (resp. right) semiquarks (sections 3.6 to 3.8). 

In the second approach at the "M" level, the mass bioperator (Mr <g> M L ), acting 
on every mass bisection or bistring of an elementary bisemifermion and endowed with 
the infinitesimal biconnection ((e)A R (g) (e)A L ), develops according to: 

((M R + A R ) <g) (M L + A L )) = (M R <g> M L ) + (A R <g> A L ) + [(M R ® A L ) + (A R ®M L )] 

where [(M_r ® A L ) + (A R (g) M L )] is the gravito-electro-magnetic interaction 
field operator of which tensorial form is the M A mn symmetric gravito-electro- 
magnetic tensor corresponding to the F mn antisymmetric tensor of electro-magnetism. 

So, the introduction of bilinearity in AQT gives rise to the gravito-electro-magnetism 
leading to a powerful unification of gravitation with electromagnetism, as hoped 
by A. Einstein. 

In this new context, the condition of 4D-null divergence d n MA rnn = applied to 
the GEM tensor Mj4 mn leads to a pair of GEM (gravito-electro-magnetic) differential 
equations which describe not more, as in the Maxwell equations, the flux of E through 
a closed surface (V . E) or the circulation of B around a loop, respectively by means of 
the charge density inside and current through the loop, but, in function of the variation 
in time of the time gravitational field Gt and of the flux of the space gravitational field G 
through the loop. 



In chapter 4, the Feynman paths relative to all kinds of gravito-electro-magnetic 
interactions in AQT are reinterpreted on the basis of the following considerations: 
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a) The exchange of gravitational biquanta, responsible for the gravitational force, 
is considered on an equal footing as the exchange of electro-magnetic biquanta cor- 
responding to the virtual photons of QED. 

b) The interactions between fields are not realized in AQT at a fundamental level 
by perturbative series. 

c) The transition amplitudes of the Feynmann paths in QFT become transition in- 
tensities in AQT due to the bilinear character of this theory. 



As each "ST" , U MG" or "M" (operator- valued) field of space or time is given in AQT 
by the (sum of the) set of products, right by left, of its sections which are strings, the only 
basic diagrams of interaction are those involving exchanges of gravitational, electric 
and magnetic biquanta between left and right strings: they correspond to the first 
order diagrams of Feynmann. 

In the philosophy of AQT, the left and right strings are one-dimensional waves, homo- 
topic to circles S 1 , having two senses of rotation, in such a way that: 

a) the Feynmann path intervals are reinterpreted as arcs of circles measured 
by angles of rotation, 

b) the left (resp. right) Green's propagator or a left (resp. right) string is given by 
the one parameter group of diffeomorphisms shifting each point of the string 
by a small interval (of arc). 

c) the different paths from a point A to a point B correspond to the possible 
normal modes of the exchanged biquanta. 



In consequence, AQT is a mathematical theory exempt of divergences: for exam- 
ple, the famous self-energy diagram in QFT is then replaced by a diagram involving the 
exchange of one magnetic biquantum inside a bistring. 
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2 Internal gravito-electromagnetic interactions of 
(elementary) particles 

The aim of this chapter consists in: 

a) recalling what is the internal structure of the elementary particles which are 
described in the present context as bisemiparticles, a bisemiparticle being given by 
the product of a left semiparticle localized in the upper half space by its symmetric 
right equivalent localized in the lower half space. 

b) showing that an elementary bisemiparticle sticks together by means of the bilin- 
ear (gravito)-electro-magnetic fields of interaction between its right and left 
components. 

2.1 The classification of particles in AQT 

The classification of elementary (bisemi)particles adopted in this algebraic quantum theory 
corresponds to the standard classification used in quantum field theories, excepts perhaps 
with regard to some gauge bosons of the non abelian gauge field theories (since AQT is 
not essentially a gauge theory but "covers" in some way the gauge fields theories). 

In this respect, the elementary (bisemi)fermions are: 

• the leptons e~ , /i~ , r~ and their neutrinos; 

• the quarks u + , d~, s~, c + , b~ , t + ; 

and the elementary (bisemi) bosons are: 

• the photons; 

• the gravitational, electronic and magnetic (bisemi)bosons. 

The hadrons have to be added to this list, although they are not essentially elementary 
since they are composed from a set of three quarks ion the case of baryons and of two quarks 
in the case of mesons. 

First of all, the space-time structure of the elementary bisemifermions e~, u + and 
d~ of the first family will be recalled. 
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In order to take into account the main features of quantum field theories [Pie4], it was 
assumed that the mass shell of an elementary bisemifermion could be generated from 
its most internal space-time structure interpreted as its internal vacuum structure. 

2.2 The space-time vacuum structure of e - , u + and d~ 

• The internal space structure (M| T <S> M§ Tl ) of the vacuum of an elementary bisemi- 
fermion is generated from the corresponding vacuum time structure {M^ Tr ® 
M^ Tl ) which is given [Pie5] by the representation space Repsp(GL 2 (L F x L v ) t ) of 
the bilinear algebraic semigroup GL 2 (-Lu x L v ) t over the product (Ly x L v ) of 
the sets of completions [B-T], [Che], [Har], [Lan], [Ser] 

L v {F V1 , . . . , L Vfi m ^ , . . . , L Vq mq } 
and Ljj = {L Vl , . . . , L V/i mfi , . . . , Lv q , mq } ■ 



• The set of equivalent completions {L v ^ m ^} m ^ (resp. {-^u MmM }m M ) of the /x-th real 
place (resp. ), 1 < fi < q, is in one-to-one correspondence with the set of 
real pseudo-ramified algebraic extensions {F Vfl } mfl (resp. {F Vfirn ) of a global 
number field K of characteristic and is characterized by a rank 

[L v ^ : K] = [L- v ^ : K] = * + p. N 

equal to the Galois extension degree of F Vfl (resp. i^ M . mM ) 

in such a way that \L Vii m ^ : K] is an integer modulo N where * denotes an integer 
inferior to N. 

The integer N is the Galois extension degree of the irreducible algebraic closed 
subsets interpreted as time quanta. 

• The (/i, m M )-th conjugacy class representative GL 2 (L Uii m ^ x L v ^ mfi ) t of GL 2 (L 1J x L v ) t 
has for representation the GL 2 (L ¥m m ^ x L v ^ m ^ )-subbisemimodule m ®M Lv ^ m ^ ) 
which is such that m rotates in opposite sense with respect to its symmetric 
component Mi v ^ m in the corresponding Lie algebra representative ^(L^^ x 
L v ). 

The set of conjugacy class representatives of GL 2 (L^ x L v ) t can be set up 

into a tower [G-D], [Bour], [Weil]: 

GL 2 (L Wl x L V1 ) c • • • C GL 2 (L^ mM x L v ^) c • • • C GL 2 (L %mg x L Vqmq ) 
of which components are characterized by increasing ranks. 
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• It was seen in [Pie2] and in [Pie5] that, 

under the composition of maps 7t flxI -»r flxL ° E RxL , where 

a) E RxL : Repsp(GL 2 (L I7 x L v )) t 

► Repsp(GL;(L; x L* v ) t ) © Repsp(GL^(4 x L[) t ) 

is a smooth biendomorphism transforming the representation space 
Repsp(GL 2 (L Tr x L v ) t ) = (Mg TR £g> Mq Tl ) of GL 2 (L ir x L v ) t into a reduced 
"time" representation space Repsp(GLi2(Li x L*) t ) over a set of products of 
reduced completions (Li x L v ) t and into a complementary disconnected "time" 
representation space Repsp(GL2(l4 x ^Dt) m such a way that: 

(resp. [L- v ^ : tf] = [L*^ : X] + [L^ : K] ) 

V Z/ v G -Z^ , Z/* G L* , Z/ G Zyf! , LL G Z/£ . 



b ) 7tK Xi -r- Rxl : Repsp(GL^(4 x L^) t ) ► Repsp(GL^(4 x L[) r ) 

sends the complementary disconnected "time" representation space 
Repsp(GL2(L^- x Ll) t ) into the orthogonal representation space 
Repsp(GL2(L^- x Ll) r ) which is of "spatial" nature, 

the "time" representation space Repsp(GL 2 (L£ x I^)t) could be transformed 
into: 

1) a reduced "time" representation space Repsp(GL 2 (Li x L*) t ) 
and into 

a) a complementary orthogonal "space" representation space 

Repsp(Gl4(4 x L[) r ) 



2.3 The (operator valued) string field of the ST-level 

• The set {M M L v ^ m J}^ (resp. {^(M^^)}^ ) of C -valued different iable 
functions on {M Lv ^ m ^ } (resp. {M Lv ^ } ), localized in the upper (resp. lower) half 
space and defined over the T 2 (L v ) t (resp. T 2 *(L ir ) t )-semimodule MJ Tl (resp. Mj Tfl ), 
constitutes the set T(Mj Ti ) (resp. r(Mj Tfl ) ) of sections of the semisheaf of rings 
M t STl (resp. M t STr ). 
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The set of different iable bifunctions {(f) R (M L -.^ m ) © <p L (M Lv ^ m ^ )} over the 
GL 2 (Lir x L„) t -bisemimodule (MJ Tr © Mj Ti ) constitutes the set of bisections of the 
bisemisheaf of rings (Mg TR © MJ Tl ). 

The bisemisheaf of rings (Mj Tj? © ^Jt l ) i s a physical "time" string field of the 
internal vacuum of an elementary bisemifermion of the first family. 

Similarly, the bisemisheaf of rings (M| Tj? © M§ Tl ) on the "space" complementary 
representation space Repsp(GL2(i4 x ^l)r) is the "space" string field of the 
internal vacuum of an elementary bisemifermion of the first family. 

The "time" and "space" string fields of the internal vacuum of an elementary 
bisemifermion is then given by: 

= (Mst r © Mst r ) ® (MIt l © Mlr L ) 

= (M t STr © M t STl ) © (M s STr © M| T J © [(Mj Tfl © M| T J © (M| Tfl © M t STl )\ 

where the cross product string fields, also noted (Mj Tfl © e Mf Tj .) and 
(M's Tr © e Mg TL ), are responsible for the electric charge of this bisemifermion 
at the "ST" -internal vacuum level, as it will be seen in the following. 

The operator- valued string field (M^T Sp ® M^~ Sp ) of the ST-level of the 

internal vacuum is a (perverse) bisemisheaf obtained from (M s ^ r © M S ^ L ) by the 
action of the differential bioperator 



rpT-S ^ rpT-S 

1 R;ST w ± L;ST 



= | -i {s i? dt ; cfo, s yR dy, s ZR dz} 



Ct^r;ST 



(+i hsT {s 0L dt ;s XL dx,s yL dy,s ZRL dz}) 

V Ct-+r;ST ' J 



on every bisection of (M STr © M ST ^) leading to: 

Tl~ s s T © T T L ~ S S T : (Mj^Tf © M t STl s ) ► {M%- R S * © M™) 

as it was developed in [Pie5]. 
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• Each left (resp. right) section of a bisection of the operator-valued string field 

- -rp ■ "rp 

(M S t r <8> M S ^ L ) of "time" has two possible senses of rotation due to the direc- 
tional differential ~? l dt (resp. ~Sqr dt ). 

Similarly, each left (resp. right) section of a bisection of the operator-valued string 
field {M° s p Tr ® M° s p Tl ) of ' 'space" has two possible senses of rotation due to the direc- 
tional differential ~~s rL dPr (resp. ~~s TR d~r ) with d~r = {dx, dy, dz}. 



• Remark that: 

' — "S ' — S 

a) the senses of rotation to the left (resp. right) sections of M S j, L (resp. M S j, ) 
are directly related to the spin of the considered (bisemi)fermion. 

b) Each bisection of {M^ r (g) M^ l ) is a bistring given by the product of a 

' — S ' — s 
right section of M S j, by the corresponding symmetric left section of M^. 

c) Each internal field, for example (M S j, ® M s ^), is composed of a set of 
bisections which are bistrings behaving like harmonic oscillators. 



2.4 (Operator valued) string field of the "ST" level of an ele- 
mentary bisemifermion 

It was seen in section 2.3 that the (operator valued) string field of the internal vacuum of 
an elementary bisemifermion at the "ST" level is given by: 

= (M^ Tr ® M% L ) © {M% R ® M% h ) + [(M% r ® e M% L ) + {M% R ® e M% h \ 
in such a way that: 

a) {Mst r ®^st l ) is the "time" string field of the 11 ST" level composed of packets 
of bistrings behaving like harmonic oscillators. Consequently, the tensor product "(g)" 
is a diagonal tensor product, written "<g>£>" , characterized by a diagonal bilinear basis 
[Pie2]. 

So, {mIt r <8> M^t l ) will be rewritten according to {M% R ®d MstJ- 

' — S ' — "S 

b) {M j s v Tr ®M j s v Tl ) is the "space" string field of the "ST" level composed of packets 
of bistrings which can be compactified on a three-dimensional (bilinear) semimanifold 
as described in [Pie5]. 
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On the other hand, as these bistrings are rotating, they are submitted to a Coriolis 
(bi) force responsible for magnetic smooth biendormophisms Ep> iim ^ ® m £x Mm ^: 

Er^ ® m E L ^ : 4 P (M L _^ ) ® 4 P (M Lv ^ ) 
> U R p/7 ' r ■"" 1 ' 

as developed in [Pie2], 

in such a way that p = p — u, p G N , magnetic biquanta are taken away 

from the bistring ^^(Ml- ) © (f> L p (M Lv m ), or, more exactly, are discretely 

^ s s 

exchanged between the right and left string (f)^(M LlJ ^ m ) and (f) L p (M Lv ^ m ^) as it 

will be described in chapter 4 by means of the Feynmann (bi)graphs. 

S S 

Consequently, the bistring (0 Ji p (Mi_^ m ) ® (p L p (M^^ m )) is turned into one with 
diagonal metric "©d" and V" "permanent" diagonal biquanta. These exchanged 
magnetic biquanta are thus responsible for the magnetic moment of the elementary 
bisemifermion at the "ST" level of its internal vacuum. 

c) the cross product string field {M^ p Tr © e + {M^ r © e M^), responsible for the 

cohesion of the "ST" level by the exchange of electric biquanta, is such that 
only one of these string fields is activated or really generated because: 

• mathematically, as we have two symmetric cross products, there is an ob- 
struction to the existence of the two "simultaneous" string fields. 

• physically, this would correspond to a symmetry breaking mechanism. 

So, the string field (M s ^ ^M^) would be the string field responsible for a negative 
electric charge of the bisemifermion at the "ST" level while (M S j, © e M s ^ l ) would 
be the string field responsible for a positive electric charge at the "ST" level, as 
developed in [Pie2]. 

2.5 Proposition 

The operator valued string field of the internal vacuum of an elementary 
bisemifermion at the ST level splits according to: 

(M^ff p © Mjr s ■ 



ST R w 1V1 ST L J 



= {M& R ® D M£ L ) © (MI p Tr © d M^ Tl ) © (MI p Tr © m M^ l ) © (M { s Y r p © e 
where: 
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• (MgT R Mg%, L ) * s the "time" string field of the "ST" level composed of 
bistrings characterized by increasing ranks. 

• ( M ST R ®D M ST L ) is the 

"space" string field of the "ST" level, localized in 
a space orthogonal to (M s ^ r <g> M s ^ l ) and composed of bistrings characterized by 
increasing ranks. 
' — S ' — s 

• (M S t <S>m^sT L ) * s the "magnetic" string field at the "ST" level, responsible 
of the magnetic moment of the bisemifermion at this level by the exchange of magnetic 
biquanta between the left and right semifields M S ^ R and M S ^ L of "space". 

• (-Mg^k Sp ®eM s ^£ Tp ) is the electric string field at the "ST" level, responsible 
for the electric charge of the bisemifermion at this level by the exchange of electric 
biquanta between the left semifield of time (resp. space) and the right semifeld of 
space (resp. time). 

Proof. This proposition is a direct consequence of section 2.4. ■ 
2.6 Proposition 

The internal vacuum "ST" structure of an elementary (bisemi)fermion e~ , u + or d~ is 
characterized by: 

a) the numbers of bisections, i.e. bistrings, of its "time" and "space" string fields; 

b) the sets of ranks of these bisections associated with the numbers of biquanta on these. 



Proof. 

a) The "time" string field (Ms\ ®d ^st l ) ls composed of a set of q packets of 
m q = sup(m g ) bistrings, or bisections, in such a way that the (/i, m At )-th-bistring 

( M ^ M , mM ) ® 4>l( M l v ^) be composed of \x biquanta. 
Indeed, its rank n m _ L is given by: 

n» R _ L = [Lu„, m „ : K\ + [L v ^ : K\ 
= 2 (* + fi . N) 

~ 2 ji . N (if the zero class if only considered) 

and corresponds to /i biquanta at iV (bi) automorphisms of Galois according to section 
2.2. 



13 



b) The "space" string field (M s £ ®d M s ^ l ) is generated from the "time" string field 

- ~rp "rp 

(M S t r <£)dM S t l ) by means of the (lt RxL ^r RxL ERxL) morphism introduced in section 
2.2 in such a way that: 

if each bistring of time generates by emergence a bistring of space according to: 

lt RxL ^r RxL o E RxL : $(M L ^ m J ® <f%(M Lv ^) 

then we have the following relation between their ranks: 

U ^RxL = n P R xL + W 7fixL 

showing that the "time" bistring at "//' biquanta has been transformed into a reduced 
"time" bistring at biquanta and into a complementary "space" bistring at "7" 
biquanta. ■ 



2.7 The middle ground and mass string fields 

• It was seen in [Pie2] and in [Pie4] that the time and space string fields of the internal 
vacuum "ST" structure of an elementary bisemifermion were submitted to strong 
fluctuations generating on their sections degenerate singularities which are able to 
produce by versal deformations and blowups of these two new covering string fields: 
the middle ground and mass string fields embedding the internal vacuum "ST" string 
field according to: 

{Mjjg 1 * ® M^f L s n c (mI p c! p ® w mg s l v ) c (Ml p R Sp ® Mi; Sp ) ■ 

• The middle ground and mass string fields (M^~ S R P ®M^~ S J) and (M^~ Sp ®M^~ Sp ) 
give also rise to a magnetic string field and to an electric string field by the same 
splitting considered for the "ST" string field in proposition 2.5. 



2.8 Proposition 

If the inteactions between the "ST ", "MG " and "M " string fields are assumed to be negli- 
gible, then the internal structure of an elementary bisemifermion will be given 
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by the superposition of the following string fields: 

$V x— >. 71 /T^P sr\ ( ^T/T^P s~>. 71 Jf^V Sr> \ / 71 /fTv Sr> 71 jfTr) S'. 



where: 



a) (M T s p Tr Sp ® d M T s p Tl Sp ), (Ml P G S R p ® D M% S L P ) and(MX Sp ® D M T ^ L Sp ) are the "diag- 
onal" "ST", "MG" and "M" string fields composed of packets of bistrings 
with increasing numbers of biquanta in such a way that the /i-th packet of closed 
bistrings at the "ST" level is successively covered by the corresponding /^-packet of 
open bistrings at the middle ground ("MG") and mass ("M") levels. 

b) {M S s p TR ® m M S s p TL ), {M S M p GR ® m M S M p GL ) and (Mf* R ® m M$ L ) are the magnetic string 
fields at the "ST", "MG" and "M" levels. 

c) (M { ^t Sp ®e Mg P t Tp )' (^MGn Sp ®e ^mg'J P ) ™d (M { ^~ Sp © e M^~ Tp ) are the 
electric string fields at the "ST", "MG" and "M" levels. 



Proof. This internal bilinear structure of an elementary (bisemi)fermion in three embed- 
ded (bi)shells results from section 2.7, proposition 2.5 and [Pie2] and [Pie4]. ■ 

2.9 Proposition 

1) The energy at the "mass" level of an elementary (bisemi)fermion is given by 
the sum, over all its left mass strings, of the norms of the generators of the Lie 
(semi) algebra M^ l Sp . 

2) The electric charge at the "mass" level of an elementary (bisemi)fermion is the 
sum, over all sets of exchanged electric biquanta, of the pseudo-norms of the gener- 
ators of the Lie (semi) algebra M^ L C (Mm r ®e ^m l )- 
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Proof. 

1) The (/!, m M )-th "generator" of the corresponding mass left string of the Lie (semi) algebra 
Ml P ~ Sp is given by: 

rpT-s / • ^ ( ® ® ® ® 

L-.M U = \ +l ~ \ S 0l u q^'^ ^T' S ?/Lu ' S ^l u 



in complete analogy with the developments of section 2.3 and [Pie2] and its norm: 

Em^ = \\Tl M l || = « m ml + I! ^ p?J* , ( x - 1 , y ~» 2 , z ~» 3 ), 



is the energy of the (/x,m M )-th mass left string where p ^ = {Px^iPy^iPz^} is its 
"linear" momentum and s ^ = {s Xfi , s y , s Zfi } the corresponding spin vector allowing 
to define the directional gradient s ^ . p M . 

Remark that the energy Em^ m results traditionally from a norm because it refers 
in fact to the bigenerator of the corresponding mass bistring. 

So, the energy at the mass level of an elementary (bisemi)fermion is given by: 

E M = £ £ E M . 

2) The (5, m^-th generator of the corresponding set of "5" exchanged electric biquanta 
at the mass level of the Lie (semi) algebra Mj£ L C Cg> e is given by: 

S S m P 8 = { S X S ■ Px S J Sy 5 • Py s , S Z(5 ■ P Zg } 

and the corresponding electric pseudo norm will be introduced by: 

e M s , ms = (s Qs ■ m 0s x (s X6 . p xs + s OT . p ys + s 24 . p Z4 ))3 
in order to take into account the electric metric [Pie2]. 

Then, the value of the electric charge of an elementary bisemifermion at the mass 
level will be given by the sum of the pseudo-norms of the electric generators of all 
sets of exchanged electric biquanta according to 

e M = X £ e Ms ■ ■ 

S m$ 
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2.10 Generation of bisemifermions of the 2-th and 3-th family 

• From section 2.2, the internal space-time structure of the elementary bisemifermions 
e~ , u + and d~ of the first family was analyzed. 

It is the aim of this section to recall how the internal structure of the massive leptons 
and quarks of the second and of the third families can be generated from the internal 
structure of the corresponding leptons and quarks of the first family. 

• It was seen in [Pie2] that the "ST", "MG" and "M" string fields 

( A M T ~ S 6^ A M T - S ) 

\ STr—MGr— Mr ^ 1V1 ST L -MG L ~M L ) 

= ( A Mjf/ © A M T MG S R © A M T M - R S ) © (D) ( A Mjf/ © A M T M ~ G S L © A M T M - S ) 

of an elementary bisemifermion "A" of the first family (i.e. A = e~ , u + or d~), in 
a strong external field, could generate, by versal deformations and spreading-out of 
singularities of codimension 2 on all of its bisections (or bistrings), the "ST", "MG" 
and "M" string fields { B M^ r s _ MGr _ Mr © B M^_ MGl _ Ml ) of a bisemifermion 
of the second family (i.e. B = s~ or c + ) by endowing the string fields 
of "A" with additional string fields "A'" leading to the transformation: 

(ATfT-S ^ ATfT-S \ I I (A' ITfT—S ^ A'T7T-S \ 

I 1V1 ST R -MG R -M R ^{D) 1V1 ST L -MG L ~M L ) U \ STr—MGr— Mr ^-*(D) 1V1 ST L -MG L -M L ) 

(B77t-s — b77t-s \ 

► I 1v1 STr-MG r ~Mr W(D) m ST L -MG L -M L ) ■ 

By this way, the electron e~ can be transformed into the muon //~ and the down 
quark <i~ into the strange quark s~ . . . 

• If the singularities on the bisections of a bisemifermion "A" are of codimension 3, 
then a bisemifermion "C" of the third family can be generated by endowing 
the string fields of "A" with two additional string fields "A' and "A"" according to: 

(ATfT-S xr>. ATjT-S \, ,(A'TfT-S ^ A'TTT-S 1 \ 

I 1V1 STr-MGr-Mr^{D) m ST L -MG L -M L ) LJ \ m ST R -MG R -M R W(D) m ST L -MG L -M L ) 

u ( A mI Tr s _ MGr _ Mr ©(d) A m^_ MGl _ Ml ) 

(CTfT-S ^ CTfT-S \ 
*■ I STr—MGr— Mr W(D) m ST L -MG L -M L ) 



2.11 (Bisemi)photons, magnetic and electric exchange (bisemi) 
bosons 

• A bisemiphoton at 7 biquanta is a "space" ( "S" ) close bistring at 7 biquanta at 
the "ST" level <p% (M Lv )&(/>% ( m l v m ) (see proposition 2.6) endowed with 
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their middle-ground (MG) and mass (M) covering open bistrings at 7 biquanta 
according to: 

(4 p t r (M^ ) © ) © )) 

© ®* &,«t 7 )) 

©(^jM-^)® D ^(< 7 , m7 ))] 

© [(^(MfJ_ 7 ) ® m ^ Ti (MfJ_ 7 ) 

©(^« r . m7 )® m ^« r .„ 7 ))] 

where: 

a) (^,(MfJ_ 7 ) ® D ^(MfJ_ 7 ), (^(M^) ® B ^ Gl (M^)) an d 
(0§ B (Mg ) ® D <p S ^ L {M^ /m )) are respectively a close bistring on the "ST" 
level at "7" biquanta on the bilinear algebraic conjugacy class representative 
(M£J <S>d M[J ), an open bistring on the 11 MG" level at "7" biquanta on 
the "MG" conjugacy class representative (M¥_ G ®d M¥ g ), and an open 
bistring on the "M" level at 7 biquanta on the respective "M' conjugacy class 
representative. 

b) (4 p t r (M!IJ ® m 4 p t l (M!IJ, (& R (M^J ® m & L (M^J) and 

( M i^ 7m ) ®ra c/) S ^ L (M^ m )) are the bisections at the "ST" , "MG" and 
"M" levels responsible for the not-simultaneous exchange of "7" magnetic bi- 
quanta inside the considered bisemiphoton and generating in this manner 
magnetic subfields on these levels of this bisemiphoton. 

s s 
• Let (j) S T_ MG _ MR {v~ f , mi ) <g> 4'st—mg—Ml (^7> m 7 ) denote in condensed form the "ST", 

"MG" and "M" structures of the considered bisemiphoton at "7" biquanta. 

Then, this bisemiphoton can join another bisemiphoton at "5" biquanta, 5 > 7 or 
5 < 7, according to the map: 

< f ) ST-MG-M R ( V 1,m J ) <8> (psT-MG-M L ( V 1,m J ) 

*• ^ , ST-MG-M fl ( t, 7+<5,m. 7 +J ® ^ST-MG-Ml^I+S^+s) 



V 



RxL 
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which is a deformation, in the sense of Mazur [Maz], [Rib], of a Galois subrep- 
resentation corresponding to an equivalence class of lift at the "ST" , "MG" 
and "M" levels sending the bisemiphoton at "7" biquanta into a bisemiphoton at 
"(7 + 5)" biquanta. 

• The inverse transformation can also be envisaged in such a way that a bisemiphoton 
at (7 + S) biquanta can split into two bisemiphotons at "7" and "5" biquanta. 

The frame of the Bose-Einstein statistics is then reached for (bisemi)photons 
since they can join together "on the same level" . 

And, the deformations T^j^ 7 + ^ and their inverses T> R j]] ^' 7+<5 l correspond 
to the raising and lowering operators of quantum field theories leading to 
quantization rules. 

• Remark that a set of «/3" magnetic biquanta, (3 < 7, at the "ST" , "MG" and 
"M" levels, is a (bisemi) boson since these exchanged magnetic biquanta can joint 
"(7 — /?)" magnetic biquanta: they thus obey the Bose-Einstein statistics. 

• Similarly, a set of exchanged electric biquanta is an electric (bisemi)boson. 

2.12 Proposition 

1) The (bisemi) photons and the sets of magnetic and electric exchange biquanta are 
(bisemi)bosons, obeying the Bose-Einstein statistics. 

2) The elementary (bisemi)fermions obey the Fermi-Dirac statistics. 
Proof. 

• Part 1) was already proved in section 2.11. 

• Part 2) results simply from the fact that two bisemifermions at "ordinary" ener- 
gies (for example two (bisemi) electrons) cannot amalgamate because there is an 
obstruction due to their electric charges generating an electric field between 
their left (resp. right) time string semifields and their right (resp. left) "space" 
string semifields throughout the emergence point, i.e. the origin of the considered 
bisemifermion. ■ 
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2.13 Introducing composite bisemiparticles 

Since the beginning of this chapter, the space-time internal structure of the elementary 
bisemifermions and bisemibosons has been reviewed. It is now the aim of the rest of this 
chapter to recall the internal structure of composite bisemifermions, i.e. (bisemi)baryons, 
and composite "strong" bisemibosons, i.e. mesons, as developed in [Pie2]. 



2.14 The internal structure of bisemibaryons 

• In [Pie2], the "time" string semifield at the "ST" level of a left (resp. right) semiba- 
ryon was introduced by the existence of a "core" time semifield M^^ ,T (resp. 
M^ r);T ) from which the "time" string semifields MgjF (resp. M<g ), 1 < i < 3, 
of the "ST" structures of the three left (resp. right) semi quarks are generated by 
the algebraic smooth endomorphism E tL (resp. E tR ) according to: 

E, L : Mgf >Ml^im? L 

1=1 

(resp. E tR : Mf T f T > M^ T J) M«g ) 

in such a way that the time string semifields of the three semiquarks be connected 
to the core time semifield of the semibaryon. 

By this way, the confinement [G-W] of the three (semi) quarks inside a 
(semi)baryon finds a natural explanation [Kok]. 

• As in section 2.2, the "space" semifields (resp. M| 1 ^ ) corresponding to the 
"time" semifields of the three semiquarks are generated by the (7 tj o E iL ) (resp. 
(jt iR ° E iR ) ) morphisms, leading to the "space-time" semifields 

Mf™y> T - s = M^ Bar);T d M|f - s 

i=l 

(resp. Mf T f< T ~ S = M-Wr 4 M^ s ) 

i=i 

at the "ST" level of a left (resp. right) semibaryon. 

• And, the space-time fields at the "5T" level of a bisemibaryon are: 

Mf T ff L ~ S = Mf T f' T ~ s ® M&f T - s . 
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• Let 

D7f ar) = Uh ST s dtco, UhsT G-\p) dt^i G-\p) sjg dx, 

UhsT G-\p) sf L dto, . . . ,< G^p) 45 dzU 

be the left differential operator acting on M^^' T S and let DT^ ar ^ be its right 
correspondent, 

where: 

— G(p) is the defined strong constant in the frame of AQT (see [Pie2]), 

— hsT and C t -^ r -,ST were introduced in section 2.3, 

— the indices (1), (2) and (3) refer to the semiquarks. 

Then, the operator-valued string fields of the ST-level of the internal vacuum 
of the considered bisemibaryon result from the morphism: 

DT^ r) ® Ulf ar) : Mf T f> T ~ S ® Mf T f> T ~ S ► Mf T f> T *- S * ® M^ T f' Tp ~ Sp 

where (M { ^ y ' Tp ~ Sp ®M { J^ y ' Tp ~ p is a perverse bisemisheaf of which function consists 
in rotating its bisections or bistrings. 

• Under versal deformations and blowups of these, the "ST" level fields of the bisemi- 
baryon can join the two successive covering "MG" and "M" fields in such a 
way that we have the embeddings: 

M$^ ) ' Tp ~ Sp ®M§£ ) ' Tp ~ s * C M { mgI Tp ~ Sp ®M { mg^ Tv ~ Sv C M^f' Tp ~ Sp (g)M^ r);Tp ^ Sp . 

• Referring to section 2.3 and [Pie2], the mass operator M^ Bar ^ of a left semibaryon is 
given by: 

■■■•*cd^««e|}-{ ■■■ } { - }< 
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2.15 Proposition 

At the mass level "M", the (operator-valued) string fields of a (bisemi)baryon are 
given by: 

M < Sf' Tp ~ Sp ® M { *f' Tp ~ Sp = (M*^ Tp © M^ Bar);Tp ) 

®{M q ^ v ~ Sp ®M q £ p ~ Sp ) © (M^f " 5p © M*f " 5p ) 

j=l i=j=l 

© (M^f r);Tp © M^f p ~ 5p ) © {M q ^ p ~ Sp © M^f r);Tp ) 
core central "time" string field of the bisemi- 

baryon, 

b) {Mul v ~ 5p ©M^f " 5p ) = (M*f - 5p © D M^f - 5p )©(M^f © m M^f )©(M^f p) ^© e 

"mass" string field of the i-th bisemiquark de- 

■* l rjp g _ rp g 

composing into the diagonal space- time string field {M™ r v p ©M^ p Jp ) ; the mag- 
netic string field (M^ p © m M^f P ) and into the electric string field {M ( ^ < R Tp " > ~ Sp © e 
p ) responsible for the (bisemi)quark electric charge having an absolute value 

III e or III e - 

c) (M^f - 5p ©M*f p " 5p ) = (M^f - 5p © D M^f p - 5p )©(M^f © m M^f p )©(M*f p) ' 5p © e 
M^ Sp ^~ Tp ) zs i/ie mixed string field of interaction between the i-th right 
semiquark and the j-th left semiquark : it decomposes into: 

• the diagonal space- time string field (M^ p bp © D M q ^J bp ) which is of gravi- 
tational nature responsible for the exchange of gravitational biquanta, 

• the magnetic string field of interaction {M q ^ bp © m M^' bp ), 

• the electric string field of interaction (M^ Tp ^ Sp © e M^ Sp ^ Tp ). 

d) (M^ ar);Tp © M q f h P ~ Sp ) = (M;}f r);Tp © Mti T h P ) © (M;}f r);Tp © e M q f L P ) and 

{M q £ p - Sp © M*^ Tp ) = {M q f R p © Mf h ^ Tp ) © {M q £ p © e Mi Bar);Tp ) 

are respectively the mixed "strong" string fields of interaction between the 
core central "time" string semifield of the right semibaryon and the space-time string 
semifield of the i-th left semiquark and between the space-time string semifield of the i- 
th right semiquark and the core central "time" string semifield of the left semibaryon. 
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• (M^ ar ' ) ' Tp © M M '^ P Sp ) decomposes into a mixed "strong" time string field 
(M^ ar ' ) ' Tp © M^ p ) of gravitational nature and into a mixed "strong" elec- 
tric string field (M^ ar);Tp © e M M 'f p ). 

• The direct sum [(M*^ );Tp © e M q M ^ p ) © (M*f p © e M^ ar);Tp )] 0/ mixed electric 
"strong" string fields, as well as the direct sum [(M^ ar);Tp © e M M 'f p ) © {M M ^ P © 
M^ ar ' ) ' Tp )] 0/ i/ie mixed gravitational "strong" string fields are probably responsible 
for the generation of mesons of quark composition <L g^. 



Proof. 

a) The "mass" core central "time" string field (Mj^ ar ^' Tp © M*^^ ,Tp ) is characterized by 
a number on n B bistrings having generated by the smooth biendmorphism (E tR <S>E tL ) 
the three sets of "time" bistrings of the mass fields of the three bisemiquarks according 
to section 2.14. 

b) The mass string field (M M ' p p ) © M m ' l p p ) of the z-th bisemi quark decomposes, 
as developed in proposition 2.8, into a diagonal space-time string field, a magnetic 
string field and an electric string field responsible for the value 1 1| e or 1 1| e of the 
electric charge in such a way that the electric charge of the considered (bisemi) baryon 
takes an integer value. 

- — n-- r p § ' — a T S 

c) The diagonal space-time string field {M^ r p p ) ©d M^J p ) of the mixed string 
field of interaction between the i-th right semiquark and the j-th left semiquark is 
of gravitational nature as proved in [Pie2] because the respective "mass" bioperator 
can be considered as an operator of mixed acceleration. 

d) The mixed strong string fields (M*^ ai) ' Tp ^M q ^f p ~ Sp ) and (M q ^ p ~ Sp ^M*^ ar) '' Tp ), 
1 < % < 3, are responsible for the strong force inside the considered bisemi- 
baryon in such a way that the bisemiquarks be steadily linked to the core central 
"time" string field leading to their confinement. 

Under some external strong perturbation, these mixed strong string fields are able 
to generate massive mesons according to the following procedure: 

• Let (M^ ar);Tp ©M^f p " 5p ) © (M*f p ~ 5p ©M^ ar);Tp ) be the mixed strong string 
fields between: 

1) the right central core semifield of the right semibaryon and the "space-time" 
mass semifield of the i-th left semiquark, 
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2) the "space-time" mass semifield of the j'-th right semiquark and the left 
central core semifield of the left semibaryon. 

• Assume that the set of "exchanged" right (resp. left) "time" strings of (Mj^ ar ^' Tp 
(resp. M^ ar) ' Tp ) ) generates by (7^0^) (resp. (j tL ^ rL oE L ) ) morphisms 
their corresponding space strings. 

• So, we get a set of " (3 " , (3 e N , exchanged right (resp. " 7 " exchanged left) 
space-time strings of ^M*^ r) ' Tp ~ Sp (resp. m*^);T v -s v ^ ^ which 

are assumed to 

"join" a corresponding set of exchanged left (resp. " 7 " exchanged right) 
space-time strings of M M ^ Tp_5p ) (resp. M q ^ p ^ Sp ) ) giving then the direct sum 
of semifields: 

{Mif r) -> Tp ~ Sp {{3} ® M q £ p ~ Sp {(3}) ® (M M f p ~ Sp ){l} ® M<f ^ Tp ~ Sp { 1 }) . 

Each tensor product is assumed to split into a diagonal, magnetic and elec- 
tric tensor product responsible respectively for diagonal bistrings, magnetic ex- 
changed bistrings and electric exchanged bistrings. 

• The mixed interaction strong field of strings (M*^ r) ' ,Tp ~ Sp {(3} <g> M q ^ p ' Sp {(3}) 
thus has the structure of a bisemiquark at the mass level and the other 
mixed interaction strong field of strings (M] l }f p ~ Sp ){j} <g> M^ ar ^ Tp ~ Sp {j}) has 
the structure of a bisemiquark q- in such a way that their direct sum q^ © q^, 
written in condensed form q iy is a meson with bisemiquark structure g - q^. 

• Remark that this meson q ■ qi will be of "scalar" nature if the strings of M q ^ p bp {f3} 
rotate in the opposite sense of those of M^ Bar);Tp " Sp { 7 }. 

On the other hand, q^ qi will be of "vectorial" nature if the strings of M q ^ p ~ Sp '{/?} 
rotate in the same sense of M^ Bar ^ Tp ~ Sp {'j}. ■ 



2.16 Corollary 

At the "ST", "MG" and "M" levels, a right and a left semibaryon of a given 
bisemibaryon interact by means of : 

a) the electric charges and the magnetic moments of the 3 (bis emi) quarks. 

b) a gravito- electro-magnetic field resulting from the bilinear interactions between the 
right and the left semiquarks of different bisemiquarks. 
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a strong gravitational and electric field resulting from the bilinear interactions between 
the central core structures of the left and right semibaryons and, respectively, the right 
and left semiquarks. 
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3 Gravito-electro-magnetic fields of interaction 

In this chapter, the interactions between a set of bisemiparticles are taken up from two 
points of view: 

A) The first approach is explicit in the sense that the interactions between 
bisemiparticles are considered in the bilinear frame of the global program 
of Langlands based on the reducible representation (space) Repsp GL 2 j(Ly x Ly) 
of the general algebraic bilinear semigroup GL 2 j(Ly x Ly) of order 2 J . 

This allows to describe explicitly the gravito-electro-magnetic fields of interaction 
between " J " interacting bisemiparticles. 

B) The second approach, which is more explicit, is based on the study of 
biconnections leading to Maxwell equations in a more general bilinear mathematical 
frame which allows to introduce in these the gravitational field(s): this approach was 
extensively developed in the algebraic quantum theory (AQT) [Pie2] to which we 
refer. 

A) Explicit description of the interaction fields of a set of inter- 
acting bisemiparticles 

3.1 The (operator valued) string fields of a set of " J " interact- 
ing bisemiparticles 

• Assume that we have a set of " J " interacting bisemiparticles. The "time" field of 
their " ST " level is given by a bisemisheaf of differentiable functions on the non- 
orthogonal completely reducible representation space RepspGL 2 j(Ly x Ly) of the 
bilinear general semigroup GL 2 j(Ly x Ly) where Ly (resp. Ly ) is the sum of the left 
(resp. right) completions referring to the considered left (resp. right) semiparticles. 

• According to [Pie3], the completely reducible non-orthogonal representation 
space of GL 2 j(Iy X L v ) decomposes as follows: 




) 



) 



Repsp(GL 2l (L IJl x L Vl )) x • • • x Repsp(GL 2i (L IJi x L Vi )) 

x • • • x Repsp(GL 2j (£tj, 7 x L VJ )) 
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EH Repsp(T 2 t i (A 7i )) ) <g> ( ffl Repsp(T 2 .(L„,)) 
i=i y y=i 

= E3 (ttepsp(7* (LpJ) ® Repsp(T 2j (L„J)) 

EH (Repsp(7* (L,,.)) <g> Repsp(T 23 (L ))) 

= EH Repsp(GL 2i (L Ui x L Vi )) ffl Repsp(T 2 t i ((L IJ J x T 2 j(L v ))) 
1=1 t^j=i 

in such a way that: 

1) Mj Tfl (i)(g)Mj TL (i) = Repsp(GL 2 .(L^. x L„.)) is the "time" field (i.e. structure) 
of the " ST " level of the z'-th bisemiparticle; 

2) M^ TR {i)®M^T L {j) = Repsp(T|.(I^.)x:r 2 . (£„.)) is the "time" interaction field(s) 
at the " ST " level between the i-th right semiparticle and the j-th left semi- 
particle; 

if we take into account the Gauss bilinear decomposition: 

GL 2i (I ?i xL„,) = T*(L, i )xT 2i (LJ 

of the bilinear algebraic semigroup of order 2 over the product (L Ui x L Vi ) of the sets 
of completions: 

L Vi = {L Vii , L Vi ^ m ^ , . . . , L Viq m ^ } 
and = {L^ Lv iqmq } ■ 

• Referring to section 2.2, the (lt RxL ^r RxL ° Erxl) morphisms transform the "time" 
fields into reduced "time" fields and complementary "space" fields according to: 

o E ( l L : M t STr {i) ® M t STl (i) ► M^(t) ® Mj~/(i) . 

• The (operator-valued) string field at the " ST " level corresponding to 
the "space-time" structure (Mj^T (i) <g> Mj^T (i)) of the i-th bisemiparticle is 
the bisemisheaf p (i) ^st l "(*)) °f differentiable functions on 

tT-S(-\ ^ n/r T-S 



(M^(z)®M^(z)) . 
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3.2 Proposition 

The (operator-valued) string fields at the " ST " level of a set of " J " interacting bisemi- 
particles are given by: 

(M^ T - S »(J) © Mf T - S *\j)) = .© (Adg£*(i) © Mf T - S *(i)) © (Mf- R S *(i) © Mf T - L Sp (j)) 

where: 

a) the direct sum © (Mjy Sp {i) © Sp (i)) is the structure field at the " ST " level 

i=l R L 

of a set of J non-interacting (i.e. free) (bisemi)particles verifying the conditions of 
non connectivity between the i-th and j-th bisemisheaves: 

(M^(z) © Mf T - s *(i)) n (Mf T - s "( 3 ) © mJ^(j)) = ; 

b) the mixed direct sum refers to the bilinear interaction fields at the "ST " level between 
the right and left semiparticles belonging to different bisemiparticles. 



Proof. The assertions of this proposition are a direct consequence of the developments 
of section 3.1. ■ 



3.3 " ST ", " MG " and " M " levels of " J " interacting 
bisemiparticles 

• The (operator-valued) string fields at the " ST " level of a set of " J " interact- 
ing bisemiparticles can join, by versal deformations and blowups of these, the two 
successive covering " MG " and " M " string fields (M2jf p (J) © M^ P (J)) and 

(m5;^(j)©m^(j)) . 

The (operator- valued) string fields at the " ST ", " MG " and " M " levels for these 
" J " interacting bisemiparticles will be written in condensed form : 

(Mj^!W fl _ M JJ)©Mj^ MGL _ Mi (J)) or (M^S°l(J)®M^_-°l(J)) 

where V — M R (resp. V — M L ) means right (resp. left) internal vacuum and mass 
structure(s). 
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• It is assumed that the interactions between the " ST ", " MG " and " M " fields 

"f-p g rp q 

are, in first approximations, negligible (see [Pie2]): so, (M v p _ Mr (J) © M v p _ m p l (J)) 
develops according to: 

(M^ p J p r (J) © M^ P J P L (J)) = (Mf T - R Sp (J) © Ml p -* P (J) © Ml P ~ Sp (J)) 

© (m§t 5p (j) © ^fefv) © Mi; Sv {J)) 
© m^iJ)) © © ^Sr 5 v)) • 

• The following developments concerning the interaction fields of this set of " J " 
interacting bisemiparticles will be made on these three embedded levels " ST ", 

" MG " and " M ". 



3.4 Interaction fields of interacting bisemileptons 

The (operator- valued) string fields at the " ST ", " MG " and " M " levels 
of a set of " J " interacting bisemileptons are given by: 

= .© (M^ p :* p R (t t ) © M^(^)) JB (Mjl-^(^) © M^(A')) 

where: 

• (and ij ) are the indices for the left and right semileptons. 

• (My P SMl(ii)(S)My P SM P L (£i)) are the " ST ", " MG " and " M " internal string fields of 
the i-th bisemilepton, decomposing into diagonal internal fields (•©£>•), magnetic 
internal fields ( • © m • ) and electric internal fields at these 3 levels according to 
proposition 2.5. 

. {M^z^iQ^M^:^)) 

= [Mf:^) © D M^:^)) © (My p _ MR (£i) © m M S v p _ ML {t 3 )) 

© (ti) ©e 

are the interaction fields between the i-th right semilepton and the j'-th left semilep- 
ton: they decompose according to: 
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a) (M^Zm {£%) <8>r> ^v P -M P L (^j)) which is a "mixed" diagonal space-time 
interaction field of gravitational nature as developed in [Pie2] and as it 
results from proposition 2.15 [Ein2]. 

b) (My p _ MR (£i) m M v p _ ML (£j)) which is a "mixed" magnetic "space" 
interaction field. 

c) (Mv-M^Wi) ®e M^M^ilj)) which is a "mixed" electric "time- 
space" or "space-time" interaction field. 

3.5 Interacting (bisemi) photons 

The (operator- valued) string fields at the " ST ", " MG " and " M " levels of 
a set of " K " interacting bisemiphotons are given, with reference to section 2.11, 
by: 

(f>V-M R (PK) ® 4>V-M l (Pk) 

1=1 17=7=1 

where: 

• Pi(7i) denotes the i-th. semiphoton at 7« quanta, 7$ G N . 

• 4>v-m r (') ( res P- <f>v-M L (*) ) are > in condensed form, the " ST ", " MG " and " M " 
right (resp. left) strings (i.e., C -valued differentiable functions) of the considered 
semiphoton. 

• 4 p _m>*(7,)) ® <t>v-M R (Pi(li)) are the " ST ", " MG " and " M " bistrings at 7, 
biquanta of the i-th bisemiphoton decomposing into diagonal internal bistrings and 
into magnetic subfields at these levels responsible for the exchange of $ magnetic 
biquanta, /?, < 7, according to section 2.11. 

• <t>V-M R {Pi{li)) ® <Pv-M L (Pj(lj)) = (<Pv-M R (Pi(li)) ®D <t>V-M L {Pj{lj))) ® 

s s 

(4 ) v-M R i.Pi('yi)) ®m 4 > v-M L (Pj{lj))) are the interaction fields between the i-th 
right semiphoton at 7^ quanta and the j-th left semiphoton at jj quanta: 

they decompose according to: 

a) a "mixed" diagonal gravitational space interaction subfield 

(<f>V-M R (Pi(li)) ®D <Pv-M L (Pjhj))) , 
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b) a "mixed" magnetic interaction subfield (<$_ MR (Pi(lfi))®m<ffi-M L (Pj(lf3))) • 

3.6 Interaction fields of interacting (bisemi)baryons 

The (operator- valued) string fields at the " ST ", " MG " and " M " levels 
of a set of " I " interacting bisemibaryons are given by: 

where: 

• (M { y^ p - Sp (bi) <g> M^-Mf P_5p ( & 0) are the " ST ", " MG " and " M " internal 
string fields of the i-th bisemibaryon as developed in proposition 2.15. 

a,p=l " a=l 

© (M^" 5p (fei) <g> My { ^ Tp ~ Sp (bj)) are the "mixed" interaction fields be- 

Q = l 

tween the i-th right semibaryon " 6j " and the j-th left semibaryon " " . 
These interaction fields are: 

a) a "strong" gravitational field (M* ( fjg Tl W^M*^ 5 ^ '(&,)) between " 6, " 
and " 6j " responsible for the exchange of "strong" gravitational biquanta. 

b) gravito-electro-magnetic subfields ( My^~ Sp (bi)<& My^~ Sp (bj)) between 
the a-th semiquark of the i-th right semibaryon " bi " and the (3-th 
semiquark of the j-th left semibaryon " bj " according to proposition 
2.15. 

c) "strong" gravitational and electric subfields (Myf^' Tp (&j) <g> 
K^- L Sp (bj)) (resp. (M^% Sp (bi) ® M*5g ;T '(6,-)) ) between the right core- 
time structure of " bi " and the o>th left semiquark of " bj " (resp. the /3-th 
right semiquark of " hi " and the left core-time structure of " bj " ) in such a 
way that the direct sums 

[(K {m Mf P (h) ® M^(6,)) © ® ^Sg ;rp (6i))] 

of the mixed gravitational "strong" string subfields 
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and the direct sums 

[(A£ ( -5f P (fc) ©e K^M) © (^Mj^) ©e < ( -£ ;Tp (^))] 

of the mixed electric "strong" string subfields 

are responsible for the generation of mesons of quark composition q/3q a 

as developed in proposition 2.15. 



3.7 Interaction fields between interacting bisemileptons and bi- 
semibaryons 

The (operator- valued) string fields at the " ST ", " MG " and " M " levels of 
a set of " J " bisemileptons interacting with a set of " J " bisemibaryons arc 

given by: 



i=l k=l 



J 

© 
J'=l 



Mv p ~mI ft) £ © m\»^- s * (b £ ) 



= .®(K P -M P R ^) © <-mI(^)) © ( M V-Mn P ~ SP i b k) © C;r^ P (M) 

ij=i ■ k,e=i ■ ■ 



r(Bar);T p -S p , 



.© ® i^ P -Z^) ® M v-m? P ~ Sp (be)) © ®{M^~ S ^b k ) ® Mr^)) 

i=ll=l " u k=\3=l 



where: 



(M^J^ii) © M^ P J P L (£j)) , V i,j=, 1 <i,j < J , 

are the internal string fields at the " ST " , " MG " and " M " levels of the i-th 
bisemilepton if i = j and the gravito-electro-magnetic fields of interaction 

between the i-th right semilepton and the j-th left semilepton if i ^ j (see section 
3.4); 

(M^^ih) ® Mlf_ ar J-f p ~ Sp (be)) ,Vk,t,l<k,l<I, 

are similarly the " ST " , " MG " and " M " internal string fields of the fc-th 
bisemibaryon if k = i and the mixed interaction fields between the /c-th right 
semibaryon " b k " and the £-th left semibaryon " be "if fc ^ £ according to section 
3.6; 
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= (m^ p -m p r ^) ® K { ^f p (bi) © m? p -"^(4) ® KX Sp m 

are the interaction fields at the " ST ", " MG " and " M " levels between the 
i-th right semilepton " " and the l-ih left semibaryon " b t " in such a 
way that: 

a) ® M^f '(&<)) _ _ 

= (My^M^) ®d M v ^Zf P {h)) © (M^(^) ® e K^f'JPi)) 
decomposes into a gravitational field {M^_ MR {ii) ® D M"^_fj^' Tp (6g)) 
and into an electric field (M^_ Ma (^) 8 e M; ( 5 ;Tp (^)) ; 

"rjp g ' ./jn g 

b) (My_ M ^(li) ® My^M L p {bi)) generates a mixed gravito-electro-magnetic 
field of interaction between the i-th right semilepton " ^ " and the a-th left 
semiquark " q a " of the £-th left semibaryon " b e " . 

3.8 Proposition 

1) A set of " J " bisemileptons interact between themselves by means of a gravito-electro- 
magnetic field. 

2) A set of " K " bisemiphotons interact between themselves by means of a gravito- 
magnetic field. 

3) A set of " I " bisemibaryons interact between themselves by means of: 

a) a strong gravitational field between right and left core central structures of dif- 
ferent bisemibaryons. 

b) gravito-electro-magnetic fields between right and left semiquarks of different bi- 
semibaryons 

c) strong gravitational and electric fields between right (resp. left) core time struc- 
tures and left (resp. right) semiquarks of different bisemibaryons. 



Proof. These assertions result from the developments of sections 3.4, 3.5 and 3.6. 
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B) Implicit description of interacting bisemiparticles by means of 
(bi)connections 

3.9 Deformation of a bistring under an external potential field 

• The second way of handling the interactions between a set of " J " bisemiparticles 
consists in considering that one of these bisemiparticles is submitted to the global 
influence of the bilinear external field (operator (Ar x Al) ) of the subset of the 
(J — 1) remaining "external" bisemiparticles in such a way that every (//, m (U )-th 
"space" bisection of the " M " level (as for the " ST " and " MG " levels) of this 
considered bisemiparticle can join " k " external biquanta transforming it under the 
deformation according to: 

= (Ti;M» ® T S L , M ^ S MR {M L ) ® <f ML {M L )) 



(Ml- ) ® <Pm (M l 

% M)i + A R (r)) (Tf ; _ 



m Ma + A R (r))<2>(T£ iUu + A l (t))\ 

fi-\-k),m 

< k < oo , 



K^^^,)®^^^ ))] 



where: 

— ^ , «xL'' 1+fc ' Sp * s a deformation similar to these introduced in section 2.11. 

— Tj?. M (resp. (Tj. M ) is the left (resp. right) linear momentum operator at the 
"mass" level given in proposition 2.9. 

— Ai(r) (resp. A^(r) ) is the left (resp. right) external field potential operator 
acting on the left (resp. right) section (j) S M r (M L ) (resp. (t> s M (M L ) ) at 
k quanta. 



• The "added" " k " biquanta proceed from the external field at (J — 1) bisemiparticles 
and are not necessarily connected to the /it biquanta of the (operator-valued) bistring 

Indeed, we have that: 

0m (M L ) ^ 4>m (M L ) © 6% (M L ) 
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(idem for the right case). 

Remark that this transformation corresponds in quantum (field) theory to the in- 
variance of the wave function under a phase factor. 

• If, instead of envisaging an (operator- valued) bisection (or bistring) of "space", 
we take into account an (operator-valued) bisection of "space-time" (see section 
2.3), then the external field operator to be considered is the generic biconnection 
(Aft(t, r) ® Ai{t,r)) where A^(t,r) (resp. Aji(t,r) ) is a left (resp. right) connec- 
tion acting on a left (resp. right) time space string and being a left (resp. right) 
distribution at each left (resp. right) point of it. 

Ai(t,r) (resp. An(t,r) ) is a four-vectorial distribution: 



where e(kL,X) (resp. e(kR,X) ) is the polarization unit vector depending on the 
integer A = 1, 2 referring to the two transverse polarization modes of the semiphotons. 

The intergral bears on the normal modes " k " referring to the number of " k " 
external quanta joining the section <f>M L (ML v ^ mfi ) (resp. 4 > M R {^Lv lim ) ) at the mass 
level of the considered bisemifermion under the action of the external vector potential 
A L (r) (resp. A R (r) ). 

• Let Mr (resp. Mi ) denote the four-vectorial mass operator T%7^ (resp. T^.^f ) 
introduced in proposition 2.9 and let A R (resp. A L ) be the four-vectorial distribution 
A L (t,r) (resp. A R (t,r) ). 

Then, we can state the following proposition: 
3.10 Proposition 





1) The mass bioperator (Mr ®Mi) , acting on every mass bisection (or bistring) 
of an elementary bisemifermion and endowed with the infinitesimal biconnection 
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(eA R <S> eA L ) , noted (A R ® A L ) , will develop according to: 

(M R + A R ) <g> (M L + A L ) = (M R <g> M L ) + <g> A L ) + [(M R <g> A L ) + (Ar ® M L )] 

w/iere [(M R ® A L ) + (A R ® M L )] zs £/ie gravito- electro -magnetic interaction 
field operator of which tensorial form is: 

MA mn = M m A n + A m M n , m,n = t,x,y,z . 

The explicit form of this GEM tensor is: 



G t 


E- 


Ey 


e; 


Et 


G x 


B- 


By" 


E t 


Bt 


Gy 


B- 


Et 


By 


Bt 


G z 



where: 

a) E ± = {Et,Ey,Ef} is a 3D -positively (resp. negatively ) charged electric field 
operator. 

b) B ± = {B^ , By , Bf} is a 3D-positive (resp. negative ) magnetic field operator. 

c) G = [G x , G y , G z ] is a 3D -gravitational field diagonal tensor and G t is the "time" 
scalar gravitational field. 

2) The symmetric GEM tensor MA mn is transformed into the antisymmetric tensor 
Fran °f clectromagnetism if M A mn is submitted to the bijective antisymmetric map 
C : MA mn — > F mn transforming the right components A m into their corresponding 
left components and the left components M n into their corresponding right compo- 
nents. 

Proof. 

• The gravito-electro-magnetic interaction field operator GEM as well as its one-to- 
one correspondence with the antisymmetric tensor F mn of electromagnetism was 
introduced and proved in [Pie2]. 
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• However, let us recall that the off-diagonal electric components E i of the GEM 
tensor M A mn are given by: 

fx 3 

E~ ~ m Ai + A t pi~i h — Ai- A t ■ i - — , i = x, y, z , 

if mo and pi are the condensed notations respectively for the fx-th proper mass oper- 
ator s 0r ^ — — and the /i-th linear momentum operator components ^— of the 

considered elementary bisemifermion (see proposition 2.9). 

• The antisymmetric one-to-one correspondence C : MA mn — > F mn transforms {E~}i 
into: 

C : E~ > -E, L , i = x,y,z , E { e F m>n , 

in such a way that: 

J-, . fdA dA t 

- E ^ = l \-w--di 

where the c = h = 1 unit system is considered as well as the map: C : s mL R ^ — > 1 
( L, i? meaning "left" or "right"). 

• Let us remark that the novelty of the symmetric tensor MA mn with respect to 
the antisymmetric tensor F mn of electromagnetism is the existence of diagonal 
components 

G t ~m A t + A t m 
and Gi ~ p { A { + Ai p { 

which belong respectively to a scalar "time" gravitational field and a " 3D- 
space" gravitational field diagonal tensor. 

Under the antisymmetric map C , these gravitational components become null. ■ 



3.11 Corollary 

The " GEM " gravito- electro-magnetic tensor M.A mn is reduced to the " GM " gravito- 
magnetic tensor M A\- , i, j — x,y, z , in the case of bisemiphotons, i.e. when a bisemipho- 
ton interacts with an external field. 
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Proof. As the bisemiphotons interact by means of a gravito-magnetic field according to 
proposition 3.8, the MA mn tensor reduces to the gravito-magnetic tensor 



■ ap 



G x B- B+ 



B t G y B x 



B~ Bt G z 



which is transformed under the antisymmetric map C into the antisymmetric tensor: 



F p 



-B z +B V 



+B Z 



B^ 



-B y +B X 



3.12 Proposition 

1) The condition of 4D -null divergence d n MA mn = , i.e. 

(\®5 L )[{M R ®A L ) + (A R ®M R )] = , 

applied to the GEM tensor MA mn leads to the set of GEM differential 
equations which are extended equations of Maxwell: 

dG t 



V . E = 



dt ' 



V x B = V G + 



dE 



analog to the second set of Maxwell equations d n F mn = 4nj m or 

V.E =p, 



V x B = j + 



dE 
~~dT ' 



where j m are the t, x, y, z components of the AD-current {p, j } 

2) The gravito-electro-magnetic differential equations: 

dG t 



V . E 



dt ' 



V x B = V G + 



dE 
~dT ' 
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describe no more, as in the Maxwell equations, the flux of E through a closed 
surface ( V • E) or the circulation of B around a loop, respectively, 

• by means of the charge density inside and the current through the loop, 

• but, in function of the variation in time of the time gravitational G t 
and of the flux of the space gravitational field G through the loop. 

This allows to unify the electromagnetism of Maxwell with the gravita- 
tion as hoped by A. Einstein [Einlj. 



Proof. 

• When the second set of the Maxwell equations describes the magneto-electrodynamics 
in function of the electric charge density and the electric current, GEM differential 
equations give an explanation of how the gravito-magneto-electrodynamics 
works: this gives theoretically the possibility of generating a ID and 3D 
gravitational field respectively from an electric field and from an electromagnetic 
field (or vice- versa). 

• Remark that a gravitational field is only generated if the "added" " k " biquanta 
proceeding from the external fields are not connected to the considered bisemiparticle 
as resulting from the developments of section 3.9. 

• Finally, the conditions of 4D-null divergence d n ~MA mn = of the GEM tensor 
MA mn leads to the conditions (d L ,A L ) = (d L ,M L ) = , where d L is a 4D-(left-) 
divergence and (•, •) is a scalar product. 

Now, (OljAl) = corresponds to the radiation gauge or to the Lorentz condition 
of electro-magnetism while (<9l,Ml) = is a condition of conservation of the left 
mass of the reference left semiparticle or is a condition of uniform (non accelerated) 
motion. ■ 
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4 The Feynman paths in AQT 

Taking into account the new way of considering the (bilinear) interactions between (bisemi)- 
particles [Piel] as developed in chapters 2 and 3, the Feynman paths will be adjusted and 
reinterpreted in this chapter at the light of the developments of string theory and quantum 
field theory. 

4.1 Three kinds of gravito-electro-magnetic bilinear interactions 

Let us outline that three kinds of bilinear interactions at the " ST ", " MG " 
and " M " levels have been envisaged: 

1) Internal explicit of (gravito-) electro-magnetic type allowing to join the left 
and right semiparticles of a given bisemiparticle. 

More concretely: 

• a bisemifermion is tied by means of an internal electro-magnetic field (see propo- 
sition 2.8). 

• a bisemiphoton holds together by a magnetic subfield (see proposition 2.11). 

• a bisemibaryon is stuck by means of the internal electro-magnetic subfields of 
the bisemiquarks, the gravito-electro-magnetic subfields of interaction between 
the left and right semiquarks of the different bisemiquarks and, finally by the 
mixed "strong" gravitational and electric subfields of interaction between the 
core central time structures of the left and right semibaryons and, respectively, 
the right and left semiquarks (see proposition 2.15). 

2) External explicit of gravito-electro-magnetic type allowing to describe the 
bilinear interactions between a set of " J " interacting bisemiparticles by means of 
gravito-electro-magnetic subfields between left and right semiparticles belonging to 
different bisemiparticles (see proposition 3.8). 

3) External implicit by means of infinitesimal biconnections allowing the in- 
troduction of a gravito-electro-magnetic interaction field tensor in one-to-one corre- 
spondence with the antisymmetric tensor of Maxwell. 

These three kinds of bilinear interactions are of gravito-electro-magnetic type and are 
produced by the exchange of gravitational, electric and magnetic biquanta, the exchanged 
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bisemibosons generating gravito-electro-magnetic forces between right and left semiparti- 
cles. 

The exchange of electro-magnetic bisemibosons, transferring momenta, is re- 
sponsible for the Coulomb force and these electro-magnetic bisemibosons are the 
virtual photons of electrodynamics. 

What is new in this algebraic quantum theory is that the exchange of gravitational 
biquanta, responsible for the gravitational force, is also considered on an equal 
footing as the exchange of electro-magnetic biquanta. 

4.2 The Feynman paths and the perturbative series in QFT 

In QFT, the Feynman paths describe, among other things, the exchange of virtual photons 
by studying functional integrals 



• is a map from a space-time manifold " E" into a target space " M " , which may 
be R : so, Map(E, M) may be considered as a Hilbert space. 

• D(j) is a product of local measures on " M " . 

• F(4>) is a functional of </> and S((f>) the corresponding action. 

Such a functional integral may be given by the correlation function depending on a 
sequence {x;}™ =1 of points in E [Gaw2], [Ben], [Bou]: 



These functional integrals appear when the S'-matrix is calculated by perturbative 
techniques introduced by Feynman, Schwinger and Tomonaga. 

A unified approach of these perturbative techniques was proposed by Dyson as a time 
dependent perturbation theory which can be succintly introduced as follows [Dys]: 

Consider the differential equation 




where: 



... (f>{x n )) 



f , , e~ 5 W Deb 



i h c 



da 



V(a) i>{o) 



where: 
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• V(a) is the time dependent interaction potential of interacting fields; 

• ip(<j) = U(a, o"o) 4>o is defined over a family cr , ai, . . . of surfaces. 

The operator U(cr, cr ), satisfying the differential equation 



. dU(a,a ) 

i h c — = V(o) U (a, cr ) , 



can be put in the form 



U(a, <7 ) = - ^ ^ V(t) d?j x (l " ^ ^ ^(*) dtjx... 
which, expanded in ascending powers of V (and of h ) gives: 
U(a,a )=l-— f° dhVih) 

per /•O-(tl) 

/ dh / d* 2 V(t 2 ) 

J an J (To 



i h 

C 



CO "/(TO 

-i— / / d* 2 / dhV(h) V(t 2 ) V(t 3 ) 



+ ... . 

The V(ti) , 1 < % < n < oo , thus are scattering potentials due to the presence of " n " 
external particles or " n " external sets of particles and the form 

U(a, a ) = (l - ^ ^ F(t) x(l- 1 -^ £ V(t) d?jx... 

of U(a, (To) is directly related to the fact that the free field is expressed as a(n) (anti- 
symmetric product of the individual fields. 

We can thus say that the perturbative series in QFT arise as a consequence of 
the development of the free fields in products of the individual fields. 

4.3 The interactions in AQT are not worked out perturbatively 

When QFT works linearly at a fundamental level with amplitudes [Feyl], the algebraic 
quantum theory (AQT), being a bilinear theory, works bilinearly with intensities by means 
of representations of bilinear (algebraic) semigroups [Pie2], [Pie3]. 
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So, in AQT, a set of " J " non interacting fields (i.e. free fields) at the "space" "mass" 
level is given according to section 3.1 and proposition 3.2 by: 



where FRepsp(.) is a functional representation space. 

It thus appears clearly that the mass free field is given by the sum, over the " J " 
considered bisemiparticles, of the tensor products of the right semifields M^ R {i) by the 
left semifields M& L (i) . 

In other respects, the "space" "mass" interaction fields are given by: 



As a consequence, the interaction between fields cannot be expressed in AQT 
at a fundamental level by perturbative series on the contrary of what is done 
in QFT. 

All that is contained in the following proposition. 

4.4 Proposition 

The interactions between fields are not realized in AQT at a fundamental level by pertur- 
bative series. 

Proof. Indeed, AQT, being a bilinear theory, works at a fundamental level with inten- 
sities. This results from the fact that the free fields are given in AQT by the reducible 
orthogonal functional representation space FRepsp GL 2J (Ly x Ly) of the bilinear algebraic 
semigroup GL 2 j(Ly x Ly) while the interaction fields are expressed as the reducible non 
orthogonal functional representation space of the same bilinear algebraic semigroup. 

Consequently, the interactions between fields are not realized in a perturbative way as 
it was justified in section 4.3. ■ 

4.5 Transitions amplitudes of the Feynman paths 

• On the other hand, each " ST " , " MG " or " M " (operator- valued) field of space 
or time in AQT is given by (the sum of) the set of the products, right by left, of its 



FRepsp(GL 2J (L F x Ly)) = (ffl (FRepsp T*(L^)) j ® (ffl (FRepsp T 2 (L Vi )) 




EB i (FRepsp T^J) ® FRepsp T 2 .(L V .))) = _ ®^ (m s m p r (i) ® M% L (j) 
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sections, which are strings characterized by their increasing ranks [L V/J m ^ : K] ~ ji.N 
or "Fourier" modes " /j, ". 

Each bisection of normal (or "Fourier") mode " n " is then a bistring behaving like 
a harmonic oscillator. 

We are thus led to study the interactions at the level of the strings in the 
philosophy of the Feynman paths in a non perturbative way. 

• If we refer now to the transition amplitude obtained in QFT for a single point 
particle traveling from a point " x " to a point " x' " of a Riemannian manifold M , 
we know that it is expressible in terms of the sum of all paths joining x to x' 
[D'Ho], [Wein]: 

S(x'; x) = £ e~ s[path] . 

paths 
x^x' 

• This transition amplitude S(x'; x) can be worked out by considering the evolution 
in time of the (non relativistic) wave function ij}(x,t) of the point particle 

as given by: 

where: 

— G(x', t'; x, t) is the Green's propagator; 

— t/>(x', t') is in fact a wave [B-J] depending on the interval [(x' — x), {t' — t)] . 



4.6 Feynman path intervals for bist rings 

• In the philosophy of AQT, the left and right strings are one-dimensional waves, 
homotopic to circles S 1 and characterized by two senses of rotation according to 
section 2.3. 

Referring to the evolution in time of the wave function at a point particle, we can 
easily state that: 

1) The one-dimensional string waves of AQT have an evolution in time 
which depends: 

a) either on the intervals \(x' — x), (t' — t)], where x, x' G IR 1 , 
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b) or on a transition from a normal mode jj, (at \x quanta) at " x " to a normal 
mode i/ (at i/ quanta) at " x' " . 

2) As the string waves rotate, the path intervals [x'(t) — x(t)} of these correspond 
in fact to rotations of some angles of these strings. 

So, the Feynman path intervals in AQT are fundamentally arcs of 
circles measured by angles of rotation of the considered string waves which 
are rotated by Green's propagators. 

• But, as the string fields of AQT are composed of bistrings of which left and right 
strings do not have necessarily the same rotational velocity, exchanges of mag- 
netic quanta occur between them provoking a global movement of translation of 
the bistrings as developed in [Pie2]. 

So, a left and a right string of a given bistring give rise theoretically to two 
adjacent world sheets covering possibly each other partially. But, the world sheets 
[H-S-V], [G-S], [Moo], [Poly] of string theory [Gid], [Poll], [Pol2], [Joh], [Del^Wit] 
(as well as the world-lines of point particles) have a continuous character, which 
is not necessarily the case in the context of AQT, since the associated left and 
right strings exchange "discontinuously" (magnetic) quanta, allowing them 
to interact. 

As a consequence, the normal "Fourier" modes of the left and right strings 
of a given bistring change during their evolution in time, and, thus, it does not 
seem realistic to envisage the world sheet of a string at a given normal mode " n " . 



4.7 Proposition 

The only basic diagrams of interaction in AQT are those involving exchanges of gravita- 
tional, electric and magnetic biquanta between left and right strings (or sets of strings): 
they correspond to the first order diagrams of Feynman. 

Proof. 

• As the internal structure of the elementary bisemiparticles is composed of "space" 
and "time" fields at the " ST " , " MG " and " M " levels and as these fields are 
composed of bistrings, the basic diagrams of interaction in AQT are those involving 
left and right strings (or sets of strings). 
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• As AQT is fundamentally a non perturbative theory of interaction, the only basic 
diagrams are those involving left and right strings (or sets of strings) exchanging 
gravitational, electric and magnetic biquanta as it was developed in chapter 2 and 3. 

The corresponding diagrams of Feynman are those of first order of quantum electro- 
dynamics implying the exchange of virtual photons [Fey2]. 

• These diagrams describe the (inverse) rotations of left and right strings in such a 
way that the covered arcs of circles imply corresponding translations of the bistrings 
as recalled in section 4.6. ■ 



4.8 The basic diagrams of AQT 

These can be classified in three categories corresponding to the three kinds of bilinear 
interactions described in section 4.1. 
They are: 

1) Internal explicit diagrams 

a) of magnetic type involving pairs of left and right strings belonging to the 
internal fields " ST ", " MG " and " M " of "space" (or "time") of the elemen- 
tary bisemifermions and describing the exchanges of internal magnetic 
biquanta "inside" these bistrings. 

b) of electric type involving pairs of space (resp. time) left strings and time (resp. 
space) right strings belonging respectively to the internal space (resp. time) left 
semifields and to the internal time (resp. space) right semifields " ST ", " MG " 
and " M " of the elementary bisemifermions and describing the exchange of 
internal electric biquanta, responsible for the electric charge at these levels 
" ST ", " MG " and " M ". 

c) of gravitational type 

i. involving pairs of left and right strings belonging respectively to left and 
right semifields " ST " , " MG " and " M " of left and right semiquarks 
of different bisemiquarks of bisemibaryons and describing the ex- 
changes of gravitational biquanta between these pairs of strings. 

ii. involving pairs of left and right strings belonging respectively to the left 
and right "time" semifields " ST " , " MG " and " M " of semiquarks and 
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of core central "time" semistructures of semibaryons and describing the 
exchanges of "strong" gravitational biquanta inside bisemibaryons. 

2) External explicit diagrams of magnetic, electric and gravitational types as 

in 1) except that the envisaged pairs of left and right strings are such that the left 
(resp. right) and right (resp. left) strings belong to the semifields " ST " , " MG " 
and " M " of two different (elementary) bisemiparticles. 

3) External implicit diagrams of magnetic, electric and gravitational types as 

in 2) by means of infinitesimal biconnections implying that the left or right strings 
of the considered pairs of strings are now acted by the left or right external vector 
potentials At, or Ar and result from deformations as developed in section 3.9. 

• So, the internal explicit diagrams refer to the exchanges of gravito-electro- 
magnetic biquanta inside elementary bisemiparticles. 

• While the external explicit and implicit diagrams describe the exchanges of gravito- 
electro-magnetic biquanta between different bisemiparticles allowing them 
to interact. 



4.9 Bistrings in the diagrams of AQT 

The basic diagrams in AQT involve products of right strings by left strings of 

the types: 

where the left (resp. right) string $f (zl) (resp. $|j (xr) ), being the condensed notation 
of $£(M^ m ) (resp. $^(ML_^ m ) ) envisaged in section 2.4, will be written in the 
automorphic representation (see [Pie4]) of the bilinear algebraic semigroup 

GL 2 (L V - x L v ) according to: 

<Pl(x L )=c,e 2 ^ (resp. <t> s R ^{x R ) = c, e~ 2 ™ ) . 

The amplitude c M (resp. c* ) of the string (f>L (xl) (resp. <t>R (xr) ) is (ap- 
proximately) the radius of the circle c M e 2mflXL (resp. c* e ~ 2mtJ,XR ) at fi quanta rotating 
counterclockwise (resp. clockwise). 

The amplitudes and c* thus do not have in AQT the interpretation of creation an 
annihilation operators that they have in QFT. 
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Indeed, the creation and annihilation operators are given in AQT by deformations 
and inverse deformations of Galois type [Maz] of strings based respectively on Galois 
automorphisms or antiautomorphisms as it was developed in [Pie2] and in [Pie4] (see 
quantization rules). 

4.10 Proposition 

The left (resp. right) Green's propagator of a left (resp. right) string is given 
by the one-parameter group of diffeomorphisms {g^ XL } (resp. {g R XR } ) shifting 
each point x L (resp. x R ) of the string by a (small) interval (of arc) Ax^ (resp. Ax R ) . 

Proof. 

• Indeed, the action of the one-parameter group of diffeomorphisms {g x L L } (resp. {g R R } ) 
on the left (resp. right) string </>£ m (^l) (resp. 4> r ^(xr) ) is a homomorphism: 

{9 X L L } > Diff«>L)) (resp. {g R R } ► DiS(cf>%(x R )) ) 

such that the induced map 

{gl L } * KM > 0f„(x L ) 

(resp. {g x *} x ^(x R ) > <f> S Rfl (x R ) ) 

is differentiate [Sma]. 

• If the left (resp. right) string <P^(xl) (resp. 4> s Rii {xR) ) is a circle as envisaged in 
section 4.9, then the one-parameter group of diffeomorphisms {g x L L } (resp. {g x R R } ) 
corresponds to a rotation of 4> s l ^(xl) (resp. 0^(xr) ) by a small (interval of) arc of 
circle. ■ 



4.11 The structure of the basic diagrams of AQT 

• A basic diagram of AQT is of the type: 
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H quanta 



ji — k = v quanta 



H quanta 



where: 

— the right and left vertical lines represent the rotations respectively of the current 
points x R and x L of the right and left strings 4> Rti (x R ) and 0f (x.l) at fi quanta 
from an initial state " % " to a final state " / " ; 

— the lower and upper horizontal lines represent respectively the exchange from 
"left to right" and from "right to left" of k magnetic, electric or gravitational 
quanta during a small interval of time At\ corresponding to a rotation of arcs 
Ax 1r and Ax 1l . 



• As 4> R ^(x R ) rotates in the opposite sense with respect to 0f (x^) , we recover the 
evolutionary interpretation of particles and antiparticles of the diagrams of Feynman. 

• The exchanges of k biquanta between the left and right strings result from the action 
of a (bi)potential on these as it will be shown in the following. 

• As it will be seen, there are two kinds of left and right propagators of Green: 

1) The firsts Gq^(x' l ; xl) and G^(x' R ; x R ) rotate respectively the left and right 
points x L and x R of the strings 0f (xl) and </>r {xr) at /z quanta by the arcs 
of circle (x' L — x£) and (x' R — x R ) . 

2) the seconds G^ 1 h \Axi L ) and G^ 1 k \Axi R ) rotate respectively the same left 
and right strings acted by a bipotential provoking exchanges of k biquanta 
between them under their rotations of the arcs of circles Ax\ L and Axi R during 
an interval of time Ati . 
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As a consequence, the strings 0f { x l) and 4> R (x R ) are transformed during Ati 
into strings 0f X x i L ) an d 0fL A x 1r) a ^ (z 1 ~~ quanta, the remaining left 

(fj, k) (fi k) 

and right k quanta travelling between them. 



4.12 Free rotating bistrings 

• We shall now study more precisely the Green's propagators and the .S-matrix ele- 
ments of left and right "space" strings (at the " ST ", " MG " and " M " levels) 
interacting by means of magnetic subfields by the exchanges of magnetic biquanta. 

• Let ((f>R^(xR) <S>£> 4>f ( x l)) be such bistring rotating freely, i.e. without the exchange 
of magnetic biquanta. 

Assume that the left and right strings <ftf^(x L ) and (Pr^xr) rotate respectively on 
the arcs of circles (x' L — Xl) and (x' R — x R ) in such a way that the corresponding 
evolution in time during At = (t' — t) of the bistring be given by: 



= (-i J dx R G ( ^(x' R ]x R ) (f)^(x R ;t)) ® D (+i J dx L G^(x' L ;x L ) (p s L ^x L ;t)) 

where Gq^(x' l ;xl) (resp. Gq^(x' r ; xr) ) is the free left (resp. right) propagator of 
Green at /i quanta. 



4.13 The context of the exchange of magnetic biquanta into a 
bistring 

• If the bistring (<ft Rfi (xR) ®d 'Pl^l)) does no more rotate freely, then, it can be 
submitted to the magnetic biendomorphism {E R ^ m E LiJ ) considered in section 
2.4 and transforming it into: 

(OlJ ® OlJ) = (0l>lj ®D C(^lJ) + S (MR P ®rn M S L ) 

where {M Rp ® m MfJ is one of the magnetic biquanta (functions) exchanged inside 
the bistring (<p s R (x lR ) <g> <p s L (x lL )) . 
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Consequently, the exchange of the k magnetic biquanta inside (4>r (xi R ) £3></>f ( x i l )) 
during a small interval of time At\ transforms it into the "diagonal" bistring 
(^(^Ir) ®d 4% v { Xi l)) a ^ v biquanta during the rotations of the arcs of circle Ax\ R 
and Axi L . 

• On the other hand, if we refer to the differential wave equation of the bisemiphoton in 
a three-dimensional Cartesian coordinate frame as envisaged in chapter 4 of [Pie2], 
we see that a left and right unitary inner automorphisms transform this equation 
into the ID-degenerate second order differential equation of the harmonic oscillator 
which is that of the bistring (4> Rfi (x R ) ®d 0l (^l)) • 

It then results that there is a one-to-one correspondence between a bisemipho- 
ton at /i, biquanta, in a 3D-Cartesian frame, submitted to the magnetic 
(bi)potential 

3 3 h 2 i , d 8 

SEA & =SE- s l si — — 

i=lj=l i j <T OXi OXj 

and the bistring at /x biquanta (<j> R (xr) <g> 4>l^{xl)) submitted to the mag- 
netic biendomorphism (Er^ E Lfi ). 

So, the exchange of k magnetic biquanta is generated by the magnetic potential 
corresponding mathematically to the magnetic biendomorphism. 



4.14 Solutions in terms of (bi) propagators in the magnetic case 

• More concretely, the bilinear differential equations of the bistring ((/> R (xr) <S> 
<^>l)) is: 

(4>%(z lR ) ® <t>%{x lL )) = Xl^(x lR ) ® ^(x u )) 

or 

h d<P s R ^x lR ) h d<P s w (x lL ) 

c R ^ ox 1r C h v OXi L 

in such a way that the bigenerator of the considered Lie bialgebra is given by the 
eigen(vi)value A^ = A|, { ^_ fe) + A^ which splits into a diagonal part Af, at (fj, — k) 
biquanta and into a magnetic part A^ at k biquanta. 
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Its solution is given by: 



{<t>l(x' R -t')®<i>l(x' L -t')) 



(-i j ' dx lR G ( f R k \x' R ;x lR ) 4> S R(ti _ k) (xi R ^j 
+z Jdx lL G^ k \x' L] x lL ) ^_ k) {x lL 



+ 



dx lR dx lL G 1l ^ r (x 1r ,x 1l ) £ M Lp (x lR ,x lL ) 



x [+i j j dx lL dx lR G 1r ^ l (x 1l ;x 1r ) [ ^M Lp (x lL ; x 1r 



where: 



— G[^ L k \x' L ;xi L ) (resp. k \x' R ;x\ R ) ) is the left (resp. right) propagator 
rotating the left (resp. right) string (f>f (xi L ) (resp. (f) R {x\ R ) ) at (fi — k) 
quanta along the arc of circle Ax\ L (resp. Ax\ R ) during the interval of time 
Ati (see section 4.1). 

— G\ l ^ r {x 1r i Xi l ) (resp. G\ L {x\ L ; x 1r ) ) is the propagator responsible for the 
exchange of k quanta, 1 < k < fi , from the left (resp. right) string 4>l k ( x i l ) 
(resp. 4>R^_ k) (xi R ) ) to the right (resp. left) string 4> s R( ^_ k) (x 1r ) (resp. 4> s L(fl _ k) (xi L ) 
during the rotations of these strings of the arcs of circles Axi L and Ax\ R . 



According to proposition 4.10, these propagators are one-parameter groups of diffeo- 
morphisms. 

• The corresponding scattering matrix intensity will be given by: 



fiS Rfl x fi S Lfl 



= / dx ' R rtk&R'^ ^rS x R^ x J™, / dx> L f^lS^t') rt S L»(x' L ;t') 
where: 

— the indices " i " and " / " refer respectively to initial and final states; 

- f4> R)i (x' R ; t') = (p R)i (x' R ; t') such that 4> s Rii {x' R \ t') is the above mentioned solution 
when t' — > +oo ; 



iip Rfi (x' R ; t') = (j)* Rfi (x' R ; t') such that (f) Rfi (x' R ; t') is the complex conjugate solution 
when t' — > — oo . 
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Remark that this scattering matrix intensity is unitary if the solutions are normalized, 
i.e. if 0f (x' L ; t') and ^^(x^; t') are divided respectively by their amplitudes and 
c* according to section 4.9. 

4.15 Exchange of biquanta in an electric bistring 

• The electric case at the " ST " , " MG " or " M " level can be handled as it was 
done for the magnetic case. But, the bistring to be considered is then of the type 

f R » (t R ) ® 4> S Lk (x L ) (or 4> s Rk (x r ) <g> f w (t L ) ) 

i.e. given by the product of a right "time" string at \x quanta by a left "space" string 
at k quanta (or by the product of a right "space" string at k quanta by a left "time" 
string at fi quanta). 

• This bistring is rotating in the corresponding Lie bialgebra and is given there by 
the operator valued bistring 0^(tfi) <8> 4> s Ln {x L ) which is in bijection with its equiv- 
alent considered in a 3D-Cartesian coordinate frame and submitted to the electric 

3 

(bi)potential £ /n fa as it was developed in proposition 2.8. 

i=i 

• The bistring 0^ (tit) <8> (f)f (xl) , submitted to an electric (bi) potential re- 
sulting essentially from the difference of rotational velocities of </>JJ (tn) 
and of 0f K (xi) , emits a set of " £ " electric biquanta of exchange by means 
of the electric biendormorphism 

E Rll ® e E Llt : (0£„(*i«)®0f>iJ) 
where n — v = k — X = £ . 

So, the exchange of £ electric biquanta inside (</>JJ (ti R ) ® <Pl k ( Xi l)) during a small 
interval of time At\ transforms it into the diagonal electric bistring (</>^(ti H ) ®d c 
(f>L x ( x i L )) a ^ 17 an( i A quanta during the rotations of the arcs of circle At\ R and At± L . 

• The corresponding bilinear differential equation is: 

y~ ^ —fc— j ® [~ s XlL j = A, . X K [^(t lR ) ® ^(x lL ) j 
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where the generator of the considered Lie bialgebra A M . A K = A|> + Ag £ splits into 



a diagonal part \ D at v and A quanta and into an electric part \ ei at £ biquanta. 



It solution is then given by: 

kT (+' ■ +'\ AS (J ■ +l 



+ 



dt lR dx lL G\ L ^ R (t lR ,x lL ) E Mf jp (t lR ,x l 



P =i 



x (+i // dxu dt lR G\ R ^ L (x lL ;t lR ) ( ^M^x^t^) 



and illustrated by the diagram: 

/ 



fi 



H — £ = v 



R 



/ 



X, 



k quanta 



k — £ = A quanta 



k quanta 



in such a way that: 

- G[ k ~ £ \x' l ; xi L ) (resp. G^~^(i^;ii H ) ) is the left (resp. right) propagator rotat- 
ing the left (resp. right) string <p s L(K _ e) (x lL ) (resp. (f> T R{fi _ t) ) at (k-£) (resp. 
(fi — £) ) quanta along the arc of circle Ax± L (resp. Ai lj? ) during the interval 
of time Ati . 

— G[ L ^ R (ti R , x 1l ) (resp. G{ L (xi L , ti R ) ) is the propagator responsible for the 
exchange of £ quanta from the left (resp. right) space (resp. time ) string 

0f ((( _ fl (Zl J ( res P- ) to the ri S ht ( res P- left ) strin S 



(resp. (^lx,) ) during the rotations of these strings of the arcs of circle 

Ax± L and At lR . 
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4.16 Remarks of the Feynman paths in AQT and QFT 

1) The other diagrams considered in section 4.8 can be handled similarly. They are 
of the same type and describe the exchanges of gravitational, electric and magnetic 
biquanta. 

2) If we refer to the original paper [Feyl] of R.P. Feynman, we see that his different 
paths from a point A to a point B correspond in AQT to the possible normal 
modes of the exchanged biquanta. For example, in section 4.13, every path of 
Feynman would correspond to a value of " p " of the number of exchanged biquanta, 
. . . between a right a a left string. 

4.17 Proposition 

The algebraic quantum theory (AQT), which is a mathematical theory of the Physics 
of elementary particles, is free of divergences . 

Proof. This results essentially from the facts that: 

1) the interactions between fields (and strings) are not realized perturbatively 

in AQT according to proposition 4.4. 

Consequently, infinite perturbative series have not to be considered. 

2) The basic diagrams in AQT concern the exchanges of gravitational, magnetic and 
electric biquanta between left and right strings and correspond in QFT to first order 
perturbative diagrams implying the exchanges of virtual photons between fermions.H 

4.18 Corollary 

The famous self energy diagram in QFT corresponds in AQT to a basic diagram be- 
tween a right and a left string belonging to the space "mass" (" M ") field of an elementary 
bisemifermion and exchanging a magnetic biquantum. 



self-energy diagram of the exchange 

diagram in QFT of one magnetic biquantum 

inside a bistring. 
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